1. Phosphatidylinositol transfer proteins (PI-TP) are responsible for the transport of phosphatidylinositol (PI) and other phospholipids from endoplasmic reticulum to the other membranes and indirectly for lipid mediated signaling. Till now little is known about PITPs in brain aging and neurodegeneration. The aim of this study was to investigate expression of PI-TP in the brain during aging and in animal's model of Parkinson disease (PD) induced by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). Moreover, in vitro, effect of 1-methyl-4-phenyl-pyridine cation (MPP + ) on PI-TP, tyrosine hydroxylase (TH) protein level, and viability of cells was investigated.
INTRODUCTION
Phosphatidylinositol (PI) transfer protein (PI-TP) is a small ubiquitously expressed and abundant protein that transfers PI and phosphatidylcholine (PC) between membranes (Wirtz, 1991 (Wirtz, , 1997 Geijtenbeerk et al., 1994) . Recent studies have shown that the cellular functions of PI-TP are not only connected with phospholipid transfer per se from its site of synthesis in the endoplasmic reticulum to the other membranes but also with other important cell functions as vesicle transport, dynamics of cytoskeleton proteins, and PI metabolism (Thomas et al., 1993b; Liscovitch and Cantley, 1995; Monaco et al., 1998; Snoek et al., 1999) . PI-TP is an essential for agonist stimulated synthesis of polyphosphoinositide (Thomas et al., 1993b; Kauffmann-Zeh et al., 1995; Kearns et al., 1998) . The high affinity of PI-TP for PIP and PIP 2 impose that these lipids remain bound to PI-TP after their formation. The PI-TP may also deliver these lipids as a substrates for phospholipase C (PLC) and phospholipase A 2 (PLA 2 ) (Thomas et al., 1993b; Kauffmann-Zeh et al., 1995; Snoek et al., 1999) . A remarkable evidence indicates that membrane traffic events are connected with the activity of PI3 -kinase and with the formation of different class of lipids as phosphatidylinositol (3) phosphate PI(3)P, PI(3,4)P 2 , and PI(3,4)P 3 (Kular et al., 1997; Panaretou et al., 1997) . These lipids are not substrates for PLC but they are very active intracellular messenger molecules.
Polyphosphoinositide containing phosphate in D3 position influences the proteins that regulate vesicle formation and perhaps also their docking and fusion. Hay (1995) has suggested that PI-TPs promote assembly of the actin by cytoskeletal PIP 2 -binding proteins.
One of the major factors, which can influence the membrane fluidity is phospholipid composition of membrane. Oxidative stress increases lipid peroxidation and also decreases the membrane fluidity (Yehuda et al., 2002) . Diminishing of membrane fluidity was observed with aging (Joseph et al., 1998) . Previous studies indicate that phosphoinositide metabolism decreases in aged brain and in PD (Bothmer et al., 1992; Klerenyi et al., 1998; Zambrzycka, 2004) . It was shown that total polyunsaturated fatty acids (PUFA) level was decreased in the aged brain and may contribute to cell damage by increasing PUFA oxidation and the production of reactive oxygen species (ROS) (Kukreja et al., 1986) .
According to the free radicals hypothesis of aging the generation and accumulation of reactive oxygen species result in oxidative damage molecules, which is coupled with insufficient antioxidant defense mechanism (Harman, 1992; Ames Abbreviations used: AMPA, ionotropic α-amino-3-hydroxy-5-methyl-4-isoxazole al., 1993) . Free radicals may also disturb phosphoinositides metabolism, transport, and signaling. It was shown previously by Hamilton et al. (1997) that the vibrator mutation caused neurodegeneration-induced significant reduction of PI-TP mRNA and protein level. Till now little is known about the PI-TPs in brain aging and Parkinson disease. The aim of this study was to investigate expression of PI-TP α and β in the brain during aging and in animal's model of Parkinson disease (PD) induced by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). Moreover, using PC 12 cells in culture we have investigated the effect of 1-methyl-4-phenyl-pyridine cation (MPP + ) on PI-TP α and β expression.
MATERIAL AND METHODS

Materials
Rabbit polyclonal anti-TH antibody (Biocom International, Temecula, CA, USA), rabbit polyclonal anti-β-actin antibody, goat anti-rabbit IgG conjugated with horseradish peroxidase (AR-HRP), and goat anti-rabbit conjugated with AP antibody were purchased from Sigma (St. Louis, MO, USA). Nitrocellulose membrane was obtained from Bio-Rad (Wien, Austria). ECL kit was obtained from Amersham Pharmacia Biotech (Piscataway, NJ, USA). Protease inhibitors were from Boehringer-Mannheim (Mannheim, Germany). 1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), and the remaining reagents were purchased from Sigma (St. Louis, MO, USA).
Animals
4, 18, and 36 months old male Wistar rats (200-250 g) and 8-week-old C57/bl mice (20-25 g) were supplied from the Animal Breeding House of Medical Research Center, Polish Academy of Sciences (Warsaw, Poland). Animals were housed in a temperature-controlled room under a 12-h light/12-h dark cycle with free access to food and water.
MPTP Treatment
Mice were housed in a temperature-controlled room under a 12-h light/12-h dark cycle with free access to food and water. On the day of the experiment, mice C57/BL received intraperitioneally (i.p.) three injections of MPTP in saline at 2 h intervals in a total dose 40 mg/kg. Control mice obtained saline only. Mice were sacrificed at 3, 7, and 14 days after MPTP treatment. Different parts of brain as striatum, midbrain, hippocampus, and brain cortex were quickly dissected on an ice-cold glass Petri dish. Samples were immediately frozen in liquid nitrogen and stored at − 70
• C till analyzed.
PC12 Cell Culture
Pheochromocytoma cells line (PC 12 cells) were cultured in 75 cm 2 flasks in DMEM supplemented with 10%-heat-inactivated fetal bovine serum (FBS), 5% heat-inactivated horse serum (HS), 1% penicillin/streptomycin (100 U/mL), 2 mM glutamine. Cells were maintained at 37
• C in a humidified atmosphere of 95% air and 5% CO 2 . Cells were subcultured about once a week. For experiments, confluent cells were subcultured into polyethylenimine-coated 60 mm 2 dishes or 24-well plates. Cells were used for experiments 1 day after plated in 24-well plate or 75-90% confluence for determination of PI-TP protein level. Prior to treatment, cells were replenished with DMEM medium containing 2% FBS, 1% penicillin/streptomycin (100 U/mL), 2 mM glutamine.
PC12 Cells Treatment
PC12 cells were treated with MPP
+ (50-300 µM), H 2 O 2 (500 µM), menodione (100 µM) or NO donor, sodium nitroprusside (500 µM) for 24 h at 37
• C. Then after washing with cold phosphate saline buffer (PBS), cells were lysed in boiling buffer containing 10 mM Tris-HCl pH 7.4, 1% SDS and protease inhibitors (1 tab/10 mL buffer, Boehringer-Mannheim GmbH, Germany). After sonification, the protein content was determined by the Lowry method (Lowry et al., 1951) .
Preparation of Homogenate
The rats were sacrificed and brain hemispheres or the other parts of brain were quickly dissected on an ice-cold glass Petri dish. The brain cortex, hippocampus, striatum, and cerebellum were homogenized in 10 mM Tris-HCl buffer pH 7.4 containing 0.25 M sucrose, 1mM EDTA and protease inhibitors (1 tab/10 mL buffer, Boehringer-Manheim GmbH, Germany) in a Dounce homogenizer by 14 strokes. The protein content of homogenate was determined by the Lowry method (Lowry et al., 1951) .
Gel Electrophoresis and Western Blotting for PI-TP and Tyrosine Hydroxylase (TH)
Homogenate aliquots (40 µg protein) and an aliquot of purification PI-TP protein (2 µg/mL, positive control) were mixed with an equal volume of sample buffer (62.5 mM Tris-HCl pH 6.8, 2% SDS, 100 mM DTT, 10% glycerol and 0.025% bromophenol blue; Laemmli, 1970) . The samples were boiled for 5 min at 95
• C. The proteins were analyzed by electrophoresis on 10% polyacrylamide gel SDS-PAGE (Laemmli, 1970) . Then proteins were electrophoretically transferred from the SDS polyacrylamide gel at 1 mA/cm 2 for 75 min at room temperature to nitrocellulose membranes. The membrane was blocked in 5% Milk Powder (nonfat dry-milk) in Tris-buffered saline (TBS) containing 0.05% Tween20 (TBS-T) for 1 h at 37
• C. Then the blot was incubated with anti-PI-TPαβ antibody (raised aganist synthetic peptides, diluted 1:100) in TBS-T containing 0.2% (w/v) nonfat milk) or anti-TH antibody (diluted 1:1000 in TBS-T), anti-β-actin (diluted 1:400 in TBS-T) overnight at room temperature. The PI-TP antibody complex was identified with goat anti-rabbit IgG conjugated with alkaline phosphatase (GAR-AP, 1:5000 diluted in TBS-T containing 0.2% w/v nonfat milk). The TH and β-actin antibodies complex were identified with goat anti-rabbit IgG conjugate with horseradish peroxidase (GAR-HR, diluted 1:8000). The GAR-AP was visualized with 5-bromo-4-chloro-3-indoylphosphate p-toluidine salt and p-nitro blue tetrazolium chloride (BCIP/NBT) as color development substrate for alkaline phosphatase. The GAR-HR was visualized with ECL kit and Hyperfilm-Kodak (Sigma, MO, USA). The optical densities of the PI-TP and TH bands on the immunoblot were quantified using a NucleoVision apparatus and the GelExpert 4.0 software.
Assessment of Cell Viability
Cell viability was determined by MTT (3-[4,5-dimethylthiazol-2]-2,5 diphenyl tetrazolium bromide) conversion. This assay takes advantage of the conversion of the yellow MTT to purple formazan crystals by mitochondrial succinate dehydrogenase in viable cells.
The cells were treated with MPP + or H 2 O 2 , menadione, NO donors for 24 h as described earlier and in legend to figures. After the cell treatment, the culture medium was removed and replaced with MTT solution at the final concentration of 0.25 mg/mL in DMEM medium and incubated for 2 h to allow the conversion of MTT into formazan crystals in a 5% CO 2 humidified chamber. Then the MTT solution was removed from cells and cells were lysed with dimethyl sulfoxide (DMSO) and absorbance was read at 595 nm on a 96-well plate using ELISA BioRad Microplate Reader (Wien, Austria). The results were expressed as percentage of control.
Statistical Analysis
The results were expressed as mean ± SEM. Differences among means were analyzed using one-way ANOVA followed by Newman-Keuls posthoc test when appropriate. p < 0.05 was considered significant.
RESULTS
The level of PI-TP α and β and TH were determinated using immunochemistry method (Western Blot analysis). Purified PI-TP protein level was used as a standard for calculation of amount of PI-TP in samples. Densitometric analysis indicated that PI-TP α and β level is similar in all investigated brain parts: the hippocampus, brain cortex, striatum, and cerebellum of adult rats (Fig. 1) . PI-TP α and β protein level decreased by 20% in aged brain of 36 months old rats compared to the adults (4 months old rats, control). PI-TP protein level did not change in brain of 18 months old rats (Fig. 2) . In animal's model of PD, the PI-TP α and β level was significantly lower in striatum 3, 7, and 14 days after MPTP injection and decreased by 85, 69, 64%, respectively compared to the control value (nontreated mice) (Fig. 3) . MPTP administration caused about 40, 45, and 55% decrease in the dopaminergic fibers in striatum at 3, 7, 14 days after the treatment, respectively (Chalimoniuk et al., 2004a) .
MPTP is metabolized by monoamine oxidase B (MAO-B) to MPP + , which is transported into dopaminergic neurons by dopamine transporter (DAT) and induced many biochemical changes. In vitro studies indicated that dose-dependent MPP + altered PI-TP α and β protein level in PC12 cells (Fig. 4) . However, dose-dependent MPP + decreased PC12 cells viability and TH protein level in PC12 cells (Fig. 5) . Compounds inducing peroxidation, such as H 2 O 2 , menadione, and NO donor, which decreased PC12 cells viability of about 80%, caused significant reduction of the PI-TP α and β protein concentration in PC12 cells (Fig. 6) .
DISCUSSION
These studies indicated that PI-TP α and β protein level decreased significantly in aged brain of 36 months old rats and in striatum of mice in PD model. Our in vitro study indicated that free radicals are involved in significant reduction of PI-TP α and β protein level and suggested that they may be responsible for PI-TP α and β alteration in aged brain and in mice model of Parkinson disease. The lower concentration of PI-TP α and β in aged brain and in mice model of PD may disturb phosphoinositides signaling and membrane fluidity. Previous studies indicate that phosphoinositide metabolisms decrease in aged brain and in PD (Bothmer et al., 1992; Klerenyi et al., 1998; Tariq et al., 2001; Zambrzycka, 2004) . The activation of enzymes, which hydrolyzed phospholipids (PLA 2 , PLC) and released free arachidonic acid (AA) were enhanced in aged brain and PD (Klerenyi et al., 1998; Tariq et al., 2001 ). Additionally, it was shown that total polyunsaturated fatty acids level was decreased in the aged brain as a consequence of free radicals dependent oxidation (Yehuda et al., 2002) . It is known, that free radicals (oxidative stress) have been implicated in mechanism leading to neuronal cells injury in various pathological states of the brain as Parkinson, Alzheimer diseases (Zhang et al., 2000; Calabrese et al., 2003; Barja, 2004) .
Our studies indicated that PI-TP protein level was decreased in aged brain and in striatum of MPTP-induced Parkinsonism. Our in vitro study indicated that MPP + decreased PI-TP and TH protein levels and viability in PC12 cells. These results suggest that transfer of PI and other lipids from the site of synthesis to the intracellular and plasma membranes is diminished. Simultaneously increased phospholipids hydrolysis by PLA 2 in the brain aging and PD was observed. In consequence the phospholipids composition of membrane may undergo modification in aged and PD brains. Phospholipids composition of membrane influence membrane fluidity and phospholipids signaling. A lowering of membrane fluidity was observed with aging (Joseph et al., 1998) . Yehuda et al. (2002) have shown that oxidative stress, which leads to an increase of free radicals increases lipid peroxidation and decreases the membrane fluidity (Yehuda et al., 2002) . Enhanced free AA level by excessive activation of PLA 2 induced modification of membrane fluidity (Katsuki and Okuda, 1995) , and it may exert several neurotoxic effects (Toborek et al., 1999; Garrido et al., 2001) . In addition, arachidonic acid is a very potent messenger involved in synaptic transmission, and in a variety of signal transduction pathways (Katsuki and Okuda, 1995) .
Studies performed on patients with PD and on animal model of PD have demonstrated an increase in oxidative stress in substantia nigra including lipid peroxidation, production of free radicals (Dexter et al., 1989; Przedborski et al., 1996; Jenner, 1998; Chalimoniuk et al., 2004b) , and decreased glutathione concentration (Sian et al., 1994; Beal, 1995; Beal et al., 1998; Bharath et al., 2002) .
Our in vitro study indicated that free radicals induced the decrease of PI-TP protein level in PC12 treated with peroxidant compounds as H 2 O 2 , menodione, NO donor, and decreased PC12 cells viability. The free radicals may be involved in PI-TP alteration in brain aging and PD.
The role of PI-TP in physiology and pathology of the central nervous system (CNS) is still not clear. These proteins are involved in phospholipids degradation, phospholipids transport, as well as in dynamic cytoskeleton changes and in function of Golgi system (Wirtz, 1991 (Wirtz, , 1997 Snoek et al., 1999) . It seems that the decrease of PI-TP protein level may be one of the important factors that lead to disturbing of phospholipids signaling and also may be involved in neurodegeneration of CNS. Alb et al. (2002 Alb et al. ( , 2003 indicated that lack of PI-TPα caused aponecrotic spinocerebrallar disease in PI-TPα knockout mice. The mice lacking PI-TPα die soon after birth (Alb et al., 2002) . The vibrator mutation caused an early-onset progressive action tremor, degeneration of brain stem and spinal cord neurons, and juvenile death. PI-TP mRNA and protein level were decreased five times in vibrator mutation (Hamilton et al., 1997) . On the other hand, the increase of PI-TP level may prevent neurodegeneration. PI-TP plays a role in delivery PI to PI4-kinase, which synthesize PI 4,5-bisphosphate (PIP 2 ), these lipids remain bound to PI-TP, which may also deliver these substance for PLC (Thomas et al., 1993a) . The activation of PLC-pathway leads to elevated level of diacylogicerol (DAG). In the next steps DAG activates PKC, which, via phosphorylation initiates MAP kinase cascade. Jiang et al. (2002) showed that MAPK/ERK1/2 signaling was involved in protection of cultured cerebral cortical astrocytes against ischemic injury. It has been shown that ERK2 caused an increase in bcl-2 expression and inhibition cellular apoptosis. The elevated expression of PI-TPα was also observed in astrocytes subjected to ischemia in vitro after treatment with aniracetam (1-anisoyl-2-pyrrolidinone), a modulator of ionotropic α-amino-3-hydroxy-5-methyl-4-isoxazole (AMPA) and metabotropic glutamate (mGlu) receptors (Gabryel et al., 2005) . Aniracetam could affect PI-TP, that activation of these proteins was involved in escalation of MAP kinase cascade and prevented ischemiainduced apoptosis of astrocyte cells (Gabryel et al., 2004 (Gabryel et al., , 2005 .
In summary, our results suggest that oxidative stress may be responsible for the decrease of PI-TP α and β level in aged brain and in PD that may disturb phosphoinositides transport, metabolism and influence cytoskeleton dynamic and function. In consequence this decrease may lead to neurodegeneration and death of neurons in aged brain and PD.
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